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SUMMARY 



An investigation was made in the LMAL 7- by 10-foot 
tunnel of internally balanced, sealed ailerons for the 
Curtiss XP-60 airplane. Ailerons with tabs and with vari- 
ous amounts of balance were tested. Stick forces were 
estimated for several aileron arrangements including an 
arrangement recommended for the airplane. Elight tests 
of the recommended arrangement are discussed briefly in 
an appendix. The results of the wind-tunnel and flight 
tests indicate that the ailerons of large or fast air- 
planes may be satisfactorily balanced by the method de- 
veloped. 



IN TP. ODU 01 ION 



In connection with the development of ailerons for the 
Curtiss XP-60 airplane, tests were made in the NACA 7- by 
10-foot tunnel of the left wing panel of the 0.36-scale 
model of the airplane. The tests were undertaken in order 
to determine what aileron modifications would be necessary 
on the original airplane in order to reduce the stick force 
to an acceptable value. Eor comparative purposes, tests 
were made of an aileron Similar to the aileron of the orig- 
inal airplane. Comparable data on the characteristics of 
this aileron were available from unpublished tests of the 
complete model in the 19— foot pressure tunnel and from un- 
published flight tests of the full-scale airplane. Modi- 
fications made on the aileron in the wind tunnel were such 
as could be made easily on the airplane. Tests were made 
with three different hinge— axis locations to determine the 
effect of varying the aileron chord and balance without 
varying the over— all dimensions of the aileron including 
balance. Tests were also made of one aileron extended to 
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the wing tip. Tab characteristics were determined on two 
of the aileron arrangements. Aileron— control characteris- 
tics for the XP— 60 airplane equipped with several arrange- 
ments of the aileron extending to the wing tip were esti- 
mated from the test results and are presented in graphical 
form. One of these arrangements has since been flight 
tested. (See the appendix and reference 1.) 

The tests reported herein were completed in November 
1941 and the results were then submitted to the Materiel 
Division, Army Air Corps, in the form of a confidential 
memorandum report. 



APPARATUS AND METHODS 



The test set— up is shown schematically in figure 1 
and in the photographs of figure 2. A semispan wing was 
suspended in the 7— by 10— foot tunnel (reference 2) with 
the root chord adjacent, to one of the vertical walls of 
the tunnel, the tunnel wall thereby serving as a reflec— 
tion plane. The flow over a semispan in this set— up is 
essentially the same as it would be over a complete wing 
* in a 7— by 20— foot tunnel. Although a very small clear- 
ance was maintained between the root chord of the wing 
and the tunnel wall, no part of the wing was fastened to 
or in contact with the tunnel wall. Since the wing panel 
was suspended entirely from the regular balance frame, as 
shown in figure 1, all of the forces and moments acting 
upon it might be determined. Provision was made'for 
changing the angle of attack while the tunnel was in 
operation. 

The ailerons were deflected by means of a calibrated 
torque rod connecting the outboard end of the aileron with 
a crank outside the tunnel wall. The hinge moments were 
determined from the twist of the rod. (See figs. 1 , 2(c), 
and 2(d).) 

When the lift and drag of the wing were determined, 
the ailerons were locked in the neutral position. Por 
aileron tests the angle of attack was maintained constant 
at each of several predetermined values of lift coeffi-* 
cient, while the aileron \?as deflected throughiits com—' 
plete range. Polling and yawing moments due to deflection 
of the aileron were computed as the difference between the 
respective moments of the semispan about the plane of sym- 
metry with aileron neutral and with aileron deflected. 
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She models are shown in figures 2 and 3, and some 
of their geometric characteristics are given as follows: 



Wing ( complete) : 

Area, square feet 35.69 

Span, feet 14.92 

Aspect ratio ........ 6.23 

Taper ratio 3:1 

Root section . UASA 66 , 2—118 

lip section HA OA 66,2x-116 

Aileron: 

Balance Span Hoot-mean— square 

(percent) (ft) chord' 

(ft) 

43.8 3.06 0.338 

56.3 3.06 .312 

68.8 3.Q6 .286 

56.3 extended 3.64 .293 
to wing tip 

Aileron tab (one aileron): 
Aileron 

balance Tab desig- Tab span Tab chord 

(percent) nation (ft) (percent c a ) 

68.8 Full span 3.06 26 

68.8 . Outboard 1.53 26 

56.3 ex- Outboard 1.85 26 

tended to 
tip 



The outboard portion of the wing panel was one of 
those tested on the complete model in the 19— foot pres- 
sure tunnel. The inboard portion of the wing panel was 
especially constructed for the tests in the 7- by 10— foot 
tunnel. The change in dihedral between the inboard and 
outboard portions of the wing panels of the complete model 
was not reproduced in the semispan model. (See fig. 3.) 
The ailerons tested had three different amounts of balance, 
as shown in figure 4. The balance, or overhang, was meas- 
ured from the hinge line of the aileron to the center of 
the seal; the aileron chord was measured from the hinge 
line to the trailing edge of the aileron. The ailerons of 
36.75— inch span, with each of the three amounts of balance, 
were tested on the wing with the turned-up tip. (See figs. 
2(a), 2(b), and 3.) The aileron that extended to the wing 
tip was tested with the symmetrical wing tip. (See figs. 
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2(c), 2(d), and 3.) Tabs of 0.26 aileron chord were built 
into the trailing edges of the nedium— and large— balance 
ailerons. The tab on the large— balance aileron was full 
span but was divided at the center of the aileron span to 
permit tests of the outboard portion only. The tab on 
the medium— balance aileron was used only in the tests of 
the aileron that extended to the wing tip. The tab was 
located outboard of the midspan point of the original 
aileron, as shown in figure 4. 

All tests were made at a dynamic pressure of 16.37 
pounds per square foot, which corresponds to a velocity 
of about 80 miles per hour and to a test Reynolds number 
of about 1,900,000, based on the mean aerodynamic chord 
of 31.32 inches. The corresponding effective Reynolds 
number was about 3,000,000 because of the turbulence fac- 
tor of 1.6 for the 7— by 10-foot tunnel. The effects on 
hinge moment of the low scale, low velocity, and high 
turbulence of the test conditions relative to flight con- 
ditions were not determined or estimated. 



RESULTS AHD DISCUSSION 
Coefficients and Corrections 



The test results are presented in figures 5 to 15, 
and the aileron-control characteristics of the airplane 
equipped with the extended tip aileron, as computed from 
the test results, are presented in figure 15. 



The symbols used in the presentation of results are: 





lift coefficient (l/qS) 






increment of lift due to wing alone 




AC Lp 


increment of lift due to flap ( Cj, = AOj^ 


+ ACij. ) 


0 B 


uncorrected drag coefficient (D /qS ) 




Gl 1 


rolling-moment coefficient ( L' /qbS ) 




On' 


yawing-moment coefficient (H'/qbS) 




Oh 


aileron hinge-moment coefficient (H a /qb a 


V) 



wing chord 

aileron chord measured along airfoil chord line from 
hinge axis of aileron to trailing edge of aileron 



twice span of semispan model 
aileron span 

twice area of semispan model 

twice lift on semispan model - 

twice drag on semispan model 

rolling moment, due to aileron deflection, about 

wind axis in plane of symmetry- 
velocity, feet per second 

yawing moment, due to aileron deflection, about 
wind axis in plane of symmetry 

aileron hinge moment 



for blocking * 
angle of attack 

aileron deflection relative to wing, positive when 
trailing edge is down 

ta"b deflection relative to aileron, positive when 
trailing edge is down 

flap deflection relative to \iring, positive when 
trailing edge is down 

rate of change of rolling— moment coefficient Cj 1 
with helix angle pb/2T 

rate of roll 

stick force 



root-mean-square chord of aileron 



dynamic pressure of air stream 




uncorr ect ed 
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T g stick travel 

A positive value of L 1 or Oj 1 ' corresponds to an 
increase in lifi ; of the mQ'&#i;, ; and & value of H - ' 

or On 1 corresponds to a decrease in drag of the model, 

Twice the actual lift , drag, area,, and span of the model 
were used in the reduction of the results heoa-use the model 
represented half of a complete wing. The drug coefficient 
and the angle of attack have "been corrected in accordance 
with the theory of trailing— vort ex images. Corresponding 
corrections for the rolling- and yawing— moment coefficients, 
which have been derived but not applied, are 

a<V = -o.i <V 

AC n « = -(0.031 AC lw Ci» + 0.019 A0 L]p Cj« + 0.169 Cj' 2 ) 

These corrections may be added to the uncorrected coeffi- 
cients. Uo corrections have been applied to the hinge- 
moment coefficients and no corrections have been applied 
to any of the results for the effects of the support strut 
or the treatment of the inboard end of the wing; that is, 
for the small gap between the wing and the wall, the leak- 
age through the wall around the support tube, and the 
boundary layer at the wall. A blanket correction for the 
rolling velocities to correct for differences between the 
wind-tunnel conditions and flight will be discussed later. 



Lift and Drag ' 

lift and drag coefficients of the wing with and with- 
out a partial—span split flap are given in figure 5. 
These data were obtained with the aileron torque rod re- 
moved and the aileron locked in the neutral position. The 
flap-neutral curves were obtained with the arrangement in- 
corporating the short— balance aileron &»d turned— up wing- 
tip; whereas the flap-deflected curves were obtained after 
the installation of the symmetrical wing tip and aileron 
extending to the tip. The slopes of the lift curves of 
figure 5 are about 7 percent less than the corresponding 
slopes obtained in the 19— foot pressure tunnel at about 
the same Reynolds number, probably because of differences 
in the two set— ups. The maximum lift coefficients, how- 
ever, are in' fair agreement. 
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Aileron with 0.438c a Balance 

The characteristics of the aileron with 0.438c a "bal- 
ance are presented in figures 6 to 8. Comparison of un- 
corrected data from the 7— "by 10-foot tunnel with that 
from the 19— foot pressure tunnel (fig. 6) shows fair agree- 
ment. The results of the 19— foot pressure tunnel tests 
were corrected for model asymmetry in this figure. The 
aileron balance was not sealed at the ends of the aileron 
in either tunnel when the data of figure 6 were obtained. 
The effect of leaks on the rolling— and hinge— moment coef- 
ficients is shown in figure 7, and the data of figure 8 
were obtained with the balance sealed along the entire 
span and at the ends. The data of figure 8 are thought to 
be comparable with the unpublished flight-test results. 



Aileron vfith 0.563e a Balance 

The characteristics of the aileron with 0.563c a bal- 
ance (b a = 36.75 in.) are presented in figure 9. Com- 
parison of these results with those of figure 8 shows 
that the hinge— moment coefficients have been greatly re- 
duced and, as would be expected, there has been a small 
loss in rolling— moment coefficient due to the reduction of 
aileron chord. 



Aileron with 0.688 c a Balance 

The aileron with 0.688c a balance was tested through 

a wide range of angles of attack with the tab neutral 
(fig. 10) and tests were also made at two lift coeffi- 
cients with a full— aileron— span tab deflected various 
amounts (fig. 11). Two tests were made with only the out- 
board half of the tab deflected (fig. 12). 

The results indicate that a considerable increase in 
rolling— moment coefficient may be obtained by moving the 
hinge axis back to a position of overbalance and then de- 
flecting the tab to provide unbalance. 

Variation of dC^/oa and oC^/oSa with Aileron Balance 

The effect of balance variation upon the slopes of 
the hinge— moment— coefficient curves, 5Ch/d5 a and 
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dC^/da, are shown in figure 13, Ehe values of dCh/dSa 

were computed from the test points at 8 a of 5° and —5° 

at a = 0; slightly different values would have "been ob- 
tained if a different range or angle of attack had "been 
considered. The values of dCh/da were computed from 

test results at a of approximately 0° and 10° for ' 

5 a = 0°. Although the trend of oO^/oSa is about as was 

expected, the variation of dCh/Sa with "balance is much 
less than was expected, probably "because the hinge loca- 
tion was varied, as well as the percent "balance. It is 
thought that if the aileron chord had "been maintained con- 
stant and only the "balance had "been varied, the numerical 
magnitude of dC^/da would have decreased more rapidly, 
with increasing "balance than is shown in figure 13. 

The points for 20 percent "balance (fig. 13) were ob- 
tained from tests of the 43.8— per cent— "balance aileron with 
seal completely removed. It was reasoned that, with the 
seal completely removed, there would "be no pressure dif- 
ference between the upper and lower surfaces of the ailer- 
on nose* The nose would, therefore, contribute no hinge 
moment and the hinge— moment characteristics would be the 
same as if the aileron had a semicircular nose, sealed or 
unsealed. A semicircular nose would have an overhang or 
"balance of about half the airfoil thickness at the hinge 
(for this particular aileron, 0.20c a ). By this line of 
reasoning it follows that an internally balanced aileron 
with a large unsealed clearance at its nose will have the 
same hinge— moment characteristics regardless of its over- 
hang and that an aileron with a nose overhang' of less than 
half the airfoil thickness at the hinge, if sealed, will 
provide negative balance relative to a semicircular nose. 

It is evident from this discussion, which is supported 
by unpublished test results, that, as the thiGkness of air- 
foils is increased near the trailing edge, the amount of 
balance or overhang of the control surface must also be 
increased if the same balancing action is to be maintained. 
It is also evident- that the effectiveness of an internal 
balance is very dependent upon the amount of leakage past 
the seal. In many applications it may "be' fotind convenient 
to adjust the stick-force characteristics by changing the 
leakage area as, for example, by the insertion of grommets 
in the seal. Some leakage, moreover, will probably be 
necessary to permit drainage of water. 2?he effect of re- 
moval of the seal upon the rolling-moment coefficient of 
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the small— "balance aileron is shown to "be appreciable in 
figure 7. These data also show that for small leakage the 
loss in rolling— moment coefficient is small. 



Aileron with Extended Tip 

The characteristics of the aileron extended to the 
wing tip with 0.563c a "balance are presented in figures 14 
and 15. Results for the tab neutral condition at several 
lift coefficients are given in figure 14. The effect of 
tab deflection is shown in figure 15. 

Comparison of figure. 14 with figure 8 shows that the 
aileron with extended tip gave a greater rolling— moment 
coefficient per degree of aileron deflection than did the 
aileron of greater chord hut shorter span. 

Computation of Aileron— Control Characteristics for 

the Airplane 

Aileron— control characteristics for the airplane com- 
puted from figures '14 and 15 are presented in figure 16. 
In the computations the following characteristics were 
assumed: 

w/S = 33.68 pounds per square foot 

Qi = 0,55 

. p . 

Maximum stick travel, ±7.5 inches 

Maximum aileron deflection, ±14° 

She hinge— moment and. rolling— moment co effi cients used 
in the computations were obtained from cross plots of the 
aileron characteristics against angle of attack, and ac- 
count was taken of the effect of change in angle of attack 
over the aileron portion of the wing due to rolling veloc- 
ity. For the calculations a straight line variation of 
aileron deflection with stick travel was assumed. 

The value of Ci = 0.55 -was computed from the rates 

fr P 

of roll of the airplane in flight and the values of Cj* 
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from wind— tunnel tests of the aileron with 0.438c a "balance 
(fig. 8). This aileron was similar to the ailerons on 
the airplane. That is, 

Cj 1 (from wind tunnel) 
° l p pb/2V (from flight) 



Although the damping coefficient C decreases near the 

stall, the value of 0.55, which is the average of determi- 
nations at lift coefficients of 0.30 and 0.4S, was used in 
the computations of all the characteristics of figure 16. 
The use of an adjusted damping coefficient in the computa- 
tion of rates of roll from wind-tunnel data is thought to 
correct for differences between the wind-tunnel and flight 
condit ions . 

The ailerons without tabs are slightly overbalanced 
at low deflections because of the high value of bO-^/ha 

relative to 5Ck/d8 a . It is probable that, by use of a 
spring to obtain proper aileron feel, such an arrangement 
would be satisfactory. The hinge-moment coefficient of 
each aileron, it must be remembered, is that corresponding 
to the local angle of attack at the aileron during roll at 
pb/2Y of Oj'/Olp, where Oj' is the uncorrected rolling- 
moment coefficient from wind— tunnel results (fig. 14) and 
Or is the adjusted damping coefficient. 

In order to make the system stable in all flight con- 
ditions, an unbalancing tab deflection of &t/ 5 a = 1 waS 

assumed. (See fig. 16(b).) Prom these- results it ap- 
peared that the maximum stick forces might be reduced 
somewhat without overbalancing in any condition if a small- 
er tab or a lower tab deflection was used. 

Because the Curt iss— ¥r ight Corporation preferred to 
reduce the span rather than the deflection, a 0.26c a tab 

of one— third the span of the original aileron ( b a = 36.75 

in. ■ - on the model) was assumed. (See fig. 17.) It was 
estimated from the data of figures 11 and 12 that the as- 
sumed tab would be half as effective as the tested tab. 
The computed rolling characteristics of the airplane 
equipped with this assumed tab linked for 5t/8 a = 1 are 

given in figure 16(c). 
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In figure 16(d) are presented estimated characteris- 
tics for the airplane equipped with the aileron assumed 
in the computations of figure 16(c), "but with the overhang 
or "balance increased to O.60c a . (See fig. 17,) fhere was 
no change of aileron size, tab size, or linkages. It was 
estimated from figure 13 that the effect of the increase 
in "balance was to increase, in the direction of overbal- 
ance, the value of by 0.0009. A curve of the 

stick force that would be experienced if the aileron could 
be deflected without the airplane's rolling is shown on 
figure 16(d) for comparison. 



EEOOMMEHDAEIOHS 



It is recommended that the ailerons of the XP— 60 air- 
plane "be made similar to the ailerons assumed in the com- 
putation of figure 16(d). (See fig. 17.) If the ailerons 
are found to be overbalanced, an increase in area of leak- 
age past the seal may be made by the insertion of gromnets 
or by provision of clearance at the ends of the aileron. 
If the stick forces are too high, the ratio of tab to 
aileron motion may "be reduced. In the initial design, 
however, it is recommended that the seal be made as effec- 
tive as possible. 

Because of the low aerodynamic stick forces of the 
arrangement, great care should be taken to eliminate un- 
necessary friction in the aileron— control linkage. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 



APPIHD IX 



Plight tests on the XP— 60 airplane have been made of 
an aileron arrangement similar to that recommended in the 
present report, (See reference 1.) Ihe linked tab was 
found unnecessary and was locked in position. With the 
locked tab, the stick force at an indicated airspeed of 
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268 miles per hour with a total aileron deflection of 28 
was 37 pounds, which was considerably greater than would 
have he en estimated for those conditions. The discrepancy 
could have been due to the difference in scale, velocity, 
or turbulence, or to differences in the details of con- 
struction. The large effect of leakage on the hinge- 
moment has been shown i'n the present report. More recent 
wind— tunnel tests have indicated that the alinement of 
the balance oovor plates also has a large effect upon the 
hinge— moment characteristics. 

Pilots have been very favorably impressed by the 
•characteristics of the XP-60 ailerons, and the results of 
the flight tests were summarized in reference 1 as follows: 

"The results show that light and effective aileron 
control was obtained- without evidence of overbalance or 
undesirable shaking of the control system at any part of 
the deflection range within the level-flight speed range." 
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NACA 



Fig. 1 





(a) Three-quarter front view; flap removed; turned-up tip. 




(b) Three-quarter rear view; flap removed; turned-up tip. 




(c) Three-quarter front view; flap, 45°| symmetrical tip. 




(&) Three-quarter rear view; flap, 45°; symmetrical tip. 



figure 3a to d.- Seaispaa of the 0.36-scale model of the Ourtiss XP-60 wing ia the 
7- by 10-foot wind tunnel. 




Pivot point 



£ Support fork 



Figure 3 .— . Semispan wing of 0.36-scale modal of Curtiss XP-SO airplane, as tested in NACA 7- by lO-foot wind tunnel . 
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Figs. 4, 17 
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.825c .833 c .65/ 'c 



2539 



.256. J 




T Section A.— A 



seal 

Section IB-IB 



.2,56. 



Figure. 4 .-Ailerons of 0.36-sca/e wing model of CurtissXP-SO airplane 
as tested in the NACA 7- toy ICHbot wind tunnel. 




■Mid point of gap 
Section A- A Section B"B 

Figure 17.- Recommended aileron for Curtiss XP-60 airplane. 



SACA 



CP 
"0 



* 
c 

< 











































£ 
















i 














0 














i 
















A 


4. 














1 
































} 
































I 






























/ 
































/ 






























































f f 
































/ 






























































/ 






























/ 
































/ 








































































1 
{ 


i 






























J 
































/ 










































• 
































































































e 

































































/6 



ZD 



34 



rig, s 

.Bo 



.32 



.26 



a 

U 

.20 -£ 



0 

o 



z 

.08 o 
II 

t 
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Figure. S .- Lift and d-Yag coefficients of o.3« scale model 
of CuYtiss XP-60 wing; not corrected, for effects of 
support strut oy inboard end treatment. 
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Aileron deflection, 6 £j, d eg 
Figure 6 . - Characteristics of left aileron with o.*3e c«. 
balance; b« v 3e.r5 inches. 'Results from 7- by 10-amd. \9-f0ot 
tunnels; aileron not sealed at ends;. o.36-scale nnodel of 
Cuttiss XP-60 wing, 6^ - O'. 
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Aileron def lec+ion , 6 a >deg 
FiguYe 6 - CoinclucjedL . 
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F'Qure/3.- Effect of balance upon sbpss of hinge- moment coefficient 
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Figure tS .-Continued. 
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Aileron deflection, S a ,deg 
Figure /f ..- Continued* ' 
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